Introduction
In temperate seas, water temperature and plankton biomass show a pronounced seasonality. In the southeastern North Sea surface water temperature ranges between ¡1°C in winter and about 20°C in summer (Otto et al. 1990 ). Phytoplankton biomass in winter is low and consists mainly of small Xagellates, whereas values up to 1,000 g C l ¡1 are found in spring, mostly dominated by diatoms (Hickel et al. 1992) .
Zooplankton growth and reproduction generally peak in spring, when temperature and phytoplankton biomass increase. Small calanoid copepods (Acartia spp., Temora longicornis, Centropages hamatus, C. typicus and Pseudocalanus elongatus) dominate the zooplankton population, with up to 85% of abundance in spring and summer (Krause et al. 1995) . In winter their abundance is very low .
Little is known on the overwintering strategies of small calanoid copepods and the factors controlling it. Due to hydrographic and food conditions, winter represents a season where these copepods have to survive in an adverse environment. With respect to food, microzooplankton and detritus might be important for copepod diet in times of low phytoplankton biomass (Marshall and Orr 1958) and cannibalism could also play a role (Landry 1978; Daan et al. 1988; Ohmann and Hirche 2001; Sell et al. 2001) . Another strategy to bridge adverse conditions is dormancy, deWned as a state of suppressed development (Danks 1987) . In copepods, dormancy may occur in various ontogenetic stages, from resting eggs to arrested development in copepodids and adults (Dahms 1995; Marcus 1996; Hirche 1998 ). In the southern North Sea, some species disappear completely from the water column for several months (Hickel 1975; Fransz et al. 1991) . For example, C. hamatus, which is only present as resting eggs on the sea Xoor during winter months (Engel and Hirche 2004) . In contrast, T. longicornis is found as both resting eggs and pelagic stages (Engel and Hirche 2004; Halsband and Hirche 2001) . Hay (1995) pointed out, that a combination of producing hibernating stages and low productivity will maximize success to bridge adverse conditions. Species speciWc strategies may result in diVerent overwintering success under changing environmental conditions. Thus in the North Sea, temperature has been increasing by 1.1°C since 1962 (Wiltshire and Manly 2004) . The hydrography of the North Sea has changed (Beare et al. 2002) , potentially due to a climate-related increased inXow of Atlantic water into the northern North Sea (Reid et al. 2003 ). An increase in North Sea colour index has been reported by Edwards et al. (2002) . Wiltshire and Manly (2004) related a shift in phytoplankton succession to the warming of the autumn (October-December) temperatures. The mean diatom day of the algal spring bloom is delayed and shifted to the end of the Wrst quarter of the year (Wiltshire and Manly 2004) . The overall zooplankton community has shown a considerable shift since the 1990s, mainly due to the presence of sub-tropical species. Copepod abundance, which dominated the zooplankton community from the 1950s to the late 1970s, was declining; instead, meroplankton became dominant (Edwards et al. 2005) . According to Edwards and Richardson (2004) temperate marine environments may be particularly vulnerable to phenological changes caused by climatic warming because the recruitment success of higher trophic levels is highly dependent on synchronization with pulsed planktonic production. In terms of marine phenological changes and climate, the plankton of the North Sea has been extensively studied using Continuous Plankton Recorder data (Edwards and Richardson 2004) . It was found that the plankton community was responding to changes in sea surface temperature by adjusting their seasonality. More importantly the response to climate warming varied between diVerent functional groups and trophic levels, leading to mismatch (Edwards and Richardson 2004) .
So far causative explanations for diVerent responses on the species level are rare. Abiotic stress should aVect cooccurring species with diVerent life cycle strategies diVerentially. For example species with overwintering strategies controlled by instrinsic processes like dormancy should react diVerently from those with just temperature and food dependent development. To understand phenology, detailed knowledge on its controls is a prerequisite. In this study we investigated the population dynamics of four dominant copepod species at the long term sampling station Helgoland Roads at Helgoland island (German Bight, southern North Sea) from autumn to spring to analyse their overwintering strategies. Thereby we built on earlier studies by Halsband and Hirche (2001) and Engel and Hirche (2004) , but sampled with a higher temporal resolution during the winter months. In addition to reproductive parameters (egg production rate (EPR), proportion of spawning females, egg viability) and prosome length we determined stage composition with emphasis on the abundance of young developmental stages as indicators of successful growth.
Materials and methods

Study area
The long term sampling station Helgoland Roads is located between the main island Helgoland and the sand dune island (54°11.3ЈN, 7°54.0ЈE) (Fig. 1) . Water depth varies tidally between 5 and 10 m. The island is situated in the centre of the German Bight, about 65 km oV the German coast. The hydrography of the German Bight and speciWcally around Helgoland island is inXuenced by waters of diVerent origins. Water of high salinity, which enters the North Sea from the Atlantic via the English Channel in the south and the Fair Isle Current in the north reaches the island from the central North Sea, west from Helgoland. The source of low salinity water comes from coastal currents north and northeast from Helgoland (Banner et al. 1980; Otto et al. 1990 ). In autumn and winter the inXuence of Atlantic water is more important than in spring and summer (Otto et al. 1990 ). Due to strong tidal currents and the shallow depth the water column around the island is permanently mixed (Radach et al. 1990 ). Very cold winters, with a monthly minimum temperature of ¡1°C or less, occurred about every 10 years up to 1944, but only once since 1960 (Wiltshire and Manly 2004) .
Sampling
Surface water samples for temperature, salinity, phytoplankton composition and biomass were collected on all workdays at Helgoland Roads using a bucket. Surface water temperature was measured immediately.
The sample was gently mixed and sub-sampled into a glass bottle. A phytoplankton subsample was preserved with Lugols solution. Sub-samples (25 ml) were counted to species level using the Utermöhl method and converted into carbon content with the program 'Count' (Tripos Inc., Germany), which works on the basis of calculations by Hillebrand et al. (1999) .
Zooplankton was collected on 49 days from September 2003 to May 2004 in the morning, at least twice per month in vertical hauls from near the bottom to the surface. A Nansen net (0.35 m 2 opening area, 150 m mesh size) was used for sampling adult copepods and copepodids and an Apstein net (0.023 m 2 opening area, 55 m mesh size) for nauplii. Volumes of water Wltered were measured using calibrated Xow meters Wtted in the net openings. Net samples were preserved immediately in 4% borax buVered formalin-seawater solution until analysis in the laboratory. Sub-samples of at least 150 copepods or nauplii were analysed for species composition except for two cases, where the entire sample contained less then 150 individuals. Calanoid copepods were identiWed to species level and stage (adults, copepodids CI/II, CIII, CIV/V, nauplii) except for Acartia spp., where only adult females were determined to species level. Nauplii of C. hamatus and C. typicus were not distinguished. The prosome length of at least 50 preserved females was measured once a month with a video-image digitising system (NIH Image 1.55) to the nearest 20 m.
Reproduction
Egg production rate and proportion of spawning females of the four dominant calanoid species Acartia clausi, C. hamatus, C. typicus and T. longicornis were determined at least four times per month between September 2003 and May 2004 . Live females were collected by oblique net tows (Nansen net, mesh size 280 m and CalcoW net, mesh size 500 m) at Helgoland Roads. Samples were brought to the laboratory within 1 h and 30 active females per species were gently sorted with a pipette under a binocular microscope and placed individually in cell wells (Corning) Wlled with 10 ml of 55 m preWltered seawater. The wells were incubated at ambient temperature and light regime in an incubator chamber (WTB Binder). After 24 h, females were removed and all eggs and eggshells were counted. Egg production rates (EPR) were calculated as the number of eggs spawned per female per day (eggs fem ¡1 d
¡1
). To study hatching success, eggs were incubated in cell wells at in situ temperature and hatching was controlled daily for up to 10 days after spawning.
Data analysis
Stage speciWc abundance data of the four copepod species were log transformed (log + 1) to show low abundances clearly. Temperature, salinity and phytoplankton components biomass were tested for autocorrelation. They were Wtted to an ARMA model (Box and Jenkins 1976) to eliminate autocorrelation. Further analyses were done with the residuals of the Wtted environmental data. Egg production rate, hatching success and proportion of spawning females had to be excluded from test of autocorrelation, because they did not fulWl the condition of time series analyses of regular time intervals between successive values. Sets of environmental and reproduction parameters were grouped by seasons and tested for signiWcant seasonal diVerences by non-parametric Kruskal-Wallis test (Kruskal and Wallis 1952) . Seasons were deWned as follows: autumn, September-November; winter, December-February; spring, March-May. Egg production was correlated with the residuals of temperature and total phytoplankton biomass (PPC) by Pearsons Product Moment Correlation. All statistical analyses were performed with STATISTICA 6 (StatSoft Inc., Tulsa, OK, USA).
Results
Hydrography
Water temperature decreased from 18°C in September to a minimum of 3°C in March (Fig. 2a) . Thereafter temperature increased continuously to 10.4°C until the end of the study. Salinity showed strong variations with extremes of 29.3 (4th March) and 33.5 (3rd and 4th May). The lowest salinity was associated with the lowest temperature of 3°C on 4th March. The KruskalWallis tests with residuals of temperature and salinity gave signiWcant diVerences only in temperature between autumn and spring (z = 2.97) and winter and spring (z = 2.91) (H 2, 185 = 11.51, P < 0.01).
Phytoplankton
The phytoplankton consisted mainly of diatoms, Xagellates and dinoXagellates (Fig. 2b ). An autumn bloom of diatoms peaks with up to 250 g C l ¡1 in October and was followed by a minimum period with less than 25 g C l ¡1 from February to April, interrupted by strong short peaks in January (Fig. 2b) . The maximum diatom carbon of 408 g C l ¡1 was observed at the end of April. DinoXagellates and Xagellates were present with low biomass until May, where they became abundant and amounted to nearly half of the phytoplankton biomass (Fig. 2b) . Ciliates, silicoXagellates and coccolithophorids (combined as 'others') were present at mentionable numbers only from September to December. No signiWcant diVerences between seasons within phytoplankton components were seen, after elimination of autocorrelation.
Copepod community structure and abundance
The copepod community in autumn was dominated by cyclopoid and harpacticoid copepods, which contributed more than 70% of the copepod population (Fig. 3a) . While cyclopoid and harpcaticoid abundance decreased, from December on calanoid copepods became abundant and reached a proportion of more than 90% of the copepod population at the end of March. Total numbers of copepods decreased from about 7,000 ind m ¡3 in autumn to less than 1,000 ind m ¡3 in the winter months (Fig. 3b) . Within the calanoid copepods we focused on four species (A. clausi, C. hamatus, C. typicus, T. longicornis) . Paracalanus parvus, Pseudocalanus elongatus and Calanus spp. were combined as 'other calanoids' and were dominant from September until December (Fig. 4a) . Individual numbers of the species investigated were below 1,000 ind m ¡3 from September until May, dominated by A. clausi and T. longicornis (Fig. 4b) . The abundance of the two Centropages species was always low (max. 385 ind m
¡3
). Stage speciWc Weld abundances for the four copepod species were given as log transformed data (Fig. 5) . For better understanding we gave the not transformed abundances in ind m ¡3 additionally in the text.
Nauplii
Nauplii of all species occurred during the entire study period, except in October and November, when Centropages spp. nauplii were absent (Fig. 5) . Most of time nauplii outnumbered the other stages by far. They were usually dominated by Acartia spp. and T. longicornis. During autumn and winter months, their log abundance fell to less than 3.3 ind m ¡3 (<2,000 ind m
¡3
). In spring, there was a strong increase in abundance in these two species, with peaks of log abundance of about 4.2 ind m
(maximum abundance 14,290 and 13,751 ind m ¡3 , respectively). For Centropages spp. nauplii highest log abundance of 3.3 ind m ¡3 (1,855 ind m ¡3 ) was observed in October, while most of the time, their log number was less than 3 ind m ¡3 (<700 ind m ¡3 ).
Copepodids and adults
Acartia clausi
Three Acartia species have been reported from the North Sea: A. clausi, A. longiremis and A. biWlosa, with the Wrst being predominant (Krause et al. 1995) . As all females determined in this study were A. clausi, we assumed the other stages belonging to this species, too. Copepodids and adults of A. clausi dominated the calanoid copepods (Fig. 4a, b) . Their winter population consisted of older stages (CIV to adults) (Fig. 5) . The log abundance of CIV and adults together decreased from 2.6 ind m ¡3 (400 ind m ). From September to January, no adult males were observed. Afterwards the sex ratio was 1:1. Early copepodite stages (CI to III) became abundant in spring (log abundance 3.5 ind m 
Temora longicornis
Temora longicornis was second in abundance (Fig. 4a,  b) . Adults were present throughout the investigation, from September until March with log numbers of 1.6 ind m ¡3 (<40 ind m ¡3 ) (Fig. 5) . Abundance of adults increased from April with a log maximum of 2.1 ind 
Centropages hamatus and Centropages typicus
Copepodids and adults of Centropages spp. were less in numbers than the other species (Figs. 4, 5) . Individuals of C. hamatus were almost absent from October until the middle of March, only a few adults occurred in September and January (log abundance 0.5 ind m ). The adult sex ratios of Centropages spp. were close to 1:1.
Reproduction and female size
Egg production and female sizes showed a general seasonal pattern of low values during autumn and winter and highest values in spring, but there were species speciWc characteristics (Figs. 5, 6 ).
Acartia clausi
Acartia clausi showed a pattern of discontinued reproduction with a clear disruption during winter and a springtime recovery (Fig. 5) . There was no response of egg production to the autumn bloom. Egg production rate (EPR) was zero in December and January (Fig. 5) . At the end of February, EPR began to increase suddenly, although there were no diVerences in the food environment to the previous months. Maximum EPR was reached in April with 19 eggs fem ¡1 d ¡1 and a proportion of spawning females of 80%. DiVerences in EPR and proportion of spawning females were signiWcant between autumn and spring, and spring and winter (Table 1) . Hatching success in spring was also diVerent to that in autumn (Table 1) . There was no signiWcant correlation between temperature or phytoplankton carbon and EPR (Table 2) . Hatching success was low during winter (<40%), but reached more than 80% in spring. It diVered signiWcantly between spring and autumn (Table 1) . Female size remained nearly unaltered with a mean prosome length (PL) of 824 m from September to February (Fig. 6) . From March on, larger females appeared. The largest females with 1,079 m were found in May.
Temora longicornis
Temora longicornis reproduced continuously throughout the study period, but EPR showed no coupling to temperature or phytoplankton carbon (Table 2) . EPR up to 27 eggs fem ¡1 d ¡1 was reached in November and December, when the proportion of spawning females was about 60% (Fig. 5) . From January to March, egg production declined to less than 10 eggs fem ¡1 d ¡1 and only 20% of females were spawning. Afterwards, EPR increased to 45 eggs fem ¡1 d ¡1 and nearly 80% of females produced eggs. Egg production and proportion of spawning females were diVerent between autumn and winter, and winter and spring (Table 1) . Mean hatching success was always more than 60% with highest level of 90% in spring, but there were no signiWcant diVerences between seasons (Table 1) . T. longicornis had the tendency to larger females during spring, although the largest females with 1,199 m PL were observed in December (Fig. 6) . Monthly mean female PL varied between 774 and 1,199 m. 
Centropages hamatus and Centropages typicus
Egg production of C. hamatus was low in autumn and only 30% of the females produced eggs on the few dates where experiments were conducted (Fig. 5) . In spring, reproduction increased and reached values up to 49 eggs fem ¡1 d ¡1 in May with a proportion of spawning females of 80% and hatching success more than 90% (Fig. 5) . Egg production, proportion of spawning females and hatching success of C. hamatus diVered signiWcantly between autumn and spring (Table 1) , but no correlation between EPR and temperature or phytoplankton was seen (Table 2) . Female size varied between 824 m in September and 1,266 m in April (Fig. 6) .
Centropages typicus showed egg production of less than 20 eggs fem ¡1 d ¡1 from September to March. The maximum EPR of 73 eggs fem ¡1 d ¡1 occurred in May. EPR and proportion of spawning females were signiWcantly diVerent between autumn and winter, and winter and spring (Table 1) . There was a signiWcant correlation between EPR and temperature ( Table 2 ). The percentage of spawning females varied between 5% in January and 81% in May. Hatching success varied from 27 to 62% from October to April and reached its maximum of 99% in May. DiVerences in hatching success were seen between autumn and spring ( Table 1) . Females of C. typicus were the largest ones with a maximum mean PL of 1,324 m, occurring in May (Fig. 6 ). Smallest females with 1,087 m appeared in September.
Discussion
Harpacticoids and cyclopoids dominated the copepod community of the southern German Bight in autumn, but from December on calanoids became the most important group, conWrming results of previous studies (Fransz et al. 1991; Krause et al. 1995; Halsband and Hirche 2001; Halsband-Lenk et al. 2004 ). This predominance indicates proper adaptations to winter conditions in the pelagic.
We distinguished diVerent overwintering strategies in each of the species of calanoid copepods investigated around Helgoland island, using stage composition together with reproductive parameters and female prosome length.
Acartia clausi was the most abundant calanoid during the study. Its reproductive parameters mirrored very closely the observations by Halsband and Hirche (2001) during the winter 1995/96, although temperatures then were signiWcantly lower. In both studies, females were the most frequent stage (nauplii were not studied by Halsband and Hirche 2001) , followed by copepodite stages CIV/CV. Spawning activity was low in autumn and zero in December and January. Number of spawning females and egg viability increased Numbers in parantheses, SigniWcance levels *P < 0.05; **P < 0.01, ***P < 0.001 ns not signiWcant, nd no data, EPR egg production rate, spawn proportion of spawning females, hatch hatching success conspicuously in February. Low hatching success in autumn could relate to the scarcity of males, as e.g. Acartia tonsa one mating is usually not suYcient (Wilson and Parrish 1971) . Otherwise, the complete cessation of reproductive activity at the end of autumn during a time when food was available and initiation of egg production during a time of lowest food concentrations indicate instrinsic control, and an arrested reproductive dormancy (Hirche 1998) . In this case low hatching success could be a result of preparation of the gonads for dormancy. A female diapause was described for the congener Acartia longiremis in a North Norwegian fjord (Norrbin 2001) . The factors causing the arrested reproductive activity are not known. In other regions like the Mediterranean A. clausi reproduces year round, with winter and spring as the main spawning season (Gaudy 1972; Ianora and Buttino 1990) . As temperatures are not too diVerent then from autumn temperatures in the North Sea, temperature is not a likely cue. Closer examination is needed to identify the nature of this dormancy in A. clausi. Female prosome length further supports the concept of an overwintering strategy based on reproductively inactive females, as it remained rather constant from September to April. In contrast, in the Mediterranean females size changes continuously, also during the winter (Riccardi and Mariotto 2000) . The general strategy is, however, obscured by the irregular occurrence of relatively large numbers of younger copepodids and nauplii on several occasions, but especially in January. From this time on also slightly larger females were present. The lack of a clear stage succession together with the reproductive inactivity excludes local development, but rather points to advection, the more so, as in January strong changes in salinity were recorded. Thus, these individuals originate either from adjacent regions where A. clausi has another overwintering strategy, or they represent oVspring of the congeners A. longiremis and A. biWlosa. As nauplii and young copepodids of Acartia spp. were not determined to species level no clear assumption could be made. Evidence of resting eggs of Acartia spp. as a source of nauplii is missing in the Atlantic and the North Sea (Naess 1996; Engel and Hirche 2004) . However, the congener A. biWlosa is known to produce resting eggs (Castro-Langoria and Williams 1999) , but is usually rare in the southern North Sea (Krause et al. 1995) .
Reproductive parameters clearly indicate the end of February as the beginning of the new growth period around Helgoland island. The Wrst new generation was completed then by April, as indicated by a diVerent female size distribution. This period corresponds well with developmental times at the respective temperatures derived from laboratory rearings (Klein Breteler and Schogt 1994) .
In contrast to A. clausi, stage composition of T. longicornis was characterised by the almost permanent presence of all stages throughout the investigation. Females produced eggs at much higher rates than A. clausi. Egg production followed closely the seasonal cycle of phytoplankton; low rates were only found in January and February. From September to March, hatching success and the number of spawning females was almost higher than in A. clausi. Female size increased already in November, indicative of a new generation developed at lower temperatures. As the reproductive parameters were very similar in 1995/96 (Halsband and Hirche 2001) , we conclude that the overwintering strategy of T. longicornis in the German Bight be characterised in general by active growth and reproduction in response to its nutritional environment. Thus, it was the only species, which responded to the late autumn peak in diatom biomass with enhanced reproductive activity. However, T. longicornis is also known to produce resting eggs in the North Sea (Lindley 1986 (Lindley , 1990 Engel and Hirche 2004) . The strong increase in nauplii abundance observed one month before the spring bloom and the maximum egg production may at least in part originate from resting eggs. According to Castellani and Lucas (2003) resting eggs of T. longicornis were mainly produced during spring and late summer, at the peak of the reproductive season. We found no clear evidence of a higher production of resting or diapause eggs during spring; the hatching success did not decrease. Thus, resting eggs have to be produced later in season. The mixed strategy of active growth and low reproduction in winter together with the production of resting eggs may minimise mortality from predation pressure, prevent intraspeciWc competition (Engel and Hirche 2004) and ensures the survival of the population during extremely severe winters.
In C. hamatus copepodids were almost completely absent from October 2003 until March 2004. Adults were extremely rare from September onwards and recurred in February. Whenever females were available in the samples they produced eggs. Egg production was moderate until November and in April, but increased rapidly in May, as reported before by Halsband and Hirche (2001) . In the German Bight around Helgoland island (Engel and Hirche 2004) as in other locations of the North Sea (Lindley 1986 (Lindley , 1990 C. hamatus overwinters mainly through resting eggs. As nauplii of the congener C. typicus were not distinguished here we could not prove emergence from resting eggs. The overwintering of C. hamatus in the southern North Sea resembles the mixed strategy of T. longicornis, but the survival of the pelagic population seems to be less successful, was it due to inadequate food conditions, or to predation. In contrast, C. hamatus in the Kattegat (Kiørboe and Nielsen 1994) , the English Channel (Le Ruyet-Person et al. 1975 ) and the Irish Sea (Castellani and Lucas 2003) is abundant in winter and reproduces throughout the year. So, the few individuals found during winter might be advected into the waters around Helgoland.
Centropages typicus has been considered as a sporadic immigrant in the North Sea or was not mentioned in earlier studies (e.g. Rae and Rees 1947; Wiborg 1955; Fransz 1975; Hickel 1975) . However, in recent years it becomes more abundant, especially from late summer to winter (Hay 1995; Halsband-Lenk et al. 2004 ). Lindley and Reid (2002) suggested population centres of C. typicus in the German and the Southern Bights, persisting throughout the winter. Halsband and Hirche (2001) observed this species between September and January also around Helgoland island. During this study it was found only sporadically and was absent in 9 out of 21 quantitative vertical tows. Stage composition was not consistent and did not show a succession of stages, but included diVerent combinations of stages. Large abundances of all stages were observed on two occasions in January, probably due to advection. Advection from adjacent regions would underline the existence of pelagic winter population in northern and western regions (Lindley and Reid 2002) . The female size shift from September to October indicated the arrival of another generation, which then persisted throughout this study. Egg production continued during winter with the exception of January, when no eggs were laid. Hatching success was never higher than 50% until May. This is in contrast to the other species investigated, which showed shorter periods of low hatching success. In May, when egg production increased dramatically, also hatching success was high. So far, no indication of resting eggs was found for C. typicus (e.g. Ianora and Scotto di Carlo 1988; Miralto et al. 1995; Engel and Hirche 2004) . Lindley (1990) supposed dormancy of such eggs in sediments, but in experiments much less nauplii hatched compared to its congener C. hamatus. Thus, there seems to be no speciWc adaptation to winter conditions and the population continues its development during winter depending on food conditions. Due to unfavourable conditions it is dying oV before the end of winter.
In their review on the phytoplankton dynamics of the North Sea, Reid et al. (1990) pointed to the great complexity of phytoplankton dynamics in the North Sea and the fact that algal successions and blooms often do not follow classical patterns. This applies also to the period of our investigation. The phytoplankton succession in 2003 was rather unusual. While mostly phytoplankton carbon drops to below 30 g C l ¡1 in late summer and remains very low until April of the following year, the autumn bloom in 2003 was associated to a relatively high phytoplankton biomass until the end of December. Our data showed that only one copepod species could beneWt from this opportunity.
As the pelagic population of T. longicornis perpetuates actively during the winter, it was able to respond to the autumn bloom with an increased reproductive activity. The fact that it also has resting eggs on the sea Xoor as an additional safeguard illustrates the risk of a pelagic strategy without adaptation. Female C. hamatus and C. typicus seemed also to possess the potential to reproduce when food is suYcient, but their mortality was obviously so high that the pelagic populations died oV during winter. Finally, in A. clausi reproduction is decoupled from environmental changes during autumn and winter. However, their late winter arousal should make especially this species sensitive to the timing of the spring bloom.
The general picture of overwintering strategies we found was disturbed by sudden abundance peaks consisting often of very young stages. The most conspicuous peak was observed in January and aVected the stage compositions of all species except C. hamatus. It was most likely associated with an advective event from the western or northern parts of the North Sea, typical in winter at Helgoland Roads (Banner et al. 1980; Otto et al. 1990) , as seen in the continuous increase in salinity during our study. Advection of populations with diVerent stage composition indicates, that the overwintering strategies observed here are eVective only on a regional scale, and that other strategies are in eVect of adjacent areas.
So far, overwintering of calanoid copepods in the southern German Bight is controlled and aVected by a combination of several factors, whose impacts are species speciWc. Within this, food, temperature and advection seemed the most important factors. Certainly more synoptic observations on a larger regional scale during winter are needed to understand the strategies and their control in the North Sea. study was funded by the German federal ministry of education and research (BMBF) as a part of the GLOBEC-Germany program (03F0320C).
